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(57) ABSTRACT 

Angiogenic endothelial cells are selectively targeted With 
lipid/DNA complexes or cationic liposomes containing a 
substance Which affects the targeted cells by inhibiting or 
promoting their groWth. A site of angiogenesis can be 
precisely located by administering cationic liposomes con 
taining a detectable label. The complexes may comprise 
nucleotide constructs Which are comprised of promoters 
Which are selectively and exclusively activated in the envi 
ronment of an angiogenic endothelial cell. 
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Figure 6 
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Figure 10 
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CATIONIC LIPID COMPOSITIONS TARGETING 
ANGIOGENIC ENDOTHELIAL CELLS 

BACKGROUND OF THE INVENTION 

[0001] The present invention can be applied to the treat 
ment and diagnosis of a variety of different diseases and 
abnormalities. Although the present invention is not limited 
to such, it can be used in the treatment of cancer, Wound 
healing, and a variety of chronic in?ammatory diseases. In 
general, each is presently treated directly by physical means 
such as surgical removal of cancerous tissue, suturing of 
Wounds and surgical removal of in?amed joints. Further, 
each can be treated by chemical means. Chemotherapy is 
applied to cancers, groWth hormones are applied to Wound 
healing and anti-in?ammatory drugs are applied to treating 
chronic in?ammatory conditions. These, and related treat 
ments are directed, in general, to treating the cancerous, 
injured, or in?amed tissue directly. In order to provide an 
understanding on hoW the present invention departs from 
conventional treatment modalities a brief and general 
description of current treatment technologies in these areas 
is provided. 

Cancer Treatments 

[0002] The term “cancer” encompasses a spectrum of 
diseases that vary in treatment, prognosis, and curability. 
The approach to diagnosis and treatment depends on the site 
of tumor origin, the extent of spread, sites of involvement, 
the physiologic state of the patient, and prognosis. Once 
diagnosed, the tumor is usually “staged,” a process Which 
involves using the techniques of surgery, physical examina 
tion, histopathology, imaging, and laboratory evaluation to 
de?ne the extent of disease and to divide the cancer patient 
population into groups in order of decreasing probability of 
cure. Such systems are used both to plan treatment and 
determine the prognoses for the patient (Stockdale, F., 1996, 
“Principles of Cancer Patient Management,” In: Scienti?c 
American Medicine, vol. 3, Dale, D. C., and Federman, D. 
D. (eds.), Scienti?c American Press, NeW York). The type or 
stage of the cancer can determine Which of the three general 
types of treatment Will be used: surgery, radiation therapy, 
and chemotherapy. An aggressive, combined modality treat 
ment plan can also be chosen. To this end, surgery can be 
used to remove the primary tumor, and the remaining cells 
are treated With radiation therapy or chemotherapy (Rosen 
berg, S. A., 1985, “Combined-modality therapy of cancer: 
What is it and When does it Work?”New Engl. J. Med. 
312:1512-14). 
[0003] Surgery plays the central role in the diagnosis and 
treatment of cancer. In general, a surgical approach is 
required for biopsy, and surgery can be the de?nitive treat 
ment for most patients With cancer. Surgery is also used to 
reduce tumor mass, to resect metastases, to resolve medical 
emergencies, to palliate and rehabilitate. Although the pri 
mary surgical technique for cancer treatment has involved 
the development of an operative ?eld Where tumors are 
resected under direct visualiZation, current techniques alloW 
for some resections to be performed by endoscopic means. 
A primary concern in the treatment of cancer is the consid 
eration of operative risk (Stockdale, F., supra). 

[0004] Radiation therapy plays an important role in both 
the primary and palliative treatment of cancer. Both tele 
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therapy (megavoltage radiation therapy) and brachytherapy 
(interstitial and intracavity radiation) are in common use. 
Electromagnetic radiation in the form of x-rays is most 
commonly used in teletherapy to treat common malignant 
tumors, While gamma rays, a form of electromagnetic radia 
tion similar to x-rays but emitted by radioactive isotopes of 
radium, cobalt, and other elements, are also used. Radiation 
therapy transfers energy to tissues as discrete packets of 
energy, called photons, that damage both malignant and 
normal tissues by producing ioniZation Within cells. The 
target for the ions is most commonly the DNA; radiation 
therapy exploits the fact that the radiation damage is not 
uniform betWeen malignant and non-malignant tissues— 
rapidly dividing cells are more sensitive to DNA damage 
than quiescent cells (Pass, H. I., 1993, “Photodynamic 
therapy in oncology: mechanisms and clinical use,”J. Natl. 
Cancer Instit. 85:443-56.) Radiation therapy is associated 
With unique bene?ts as Well as important toxicities. Radia 
tion is preferred in certain anatomic areas, (e.g., the medi 
astinum), Where radiation may be the only feasible local 
method of treatment, and radiation may also be the only 
feasible local modality if tumor involvement is extensive. 
Radiation may also be used When the patient ?nds surgery 
unacceptable, or When the patient’s medical condition pro 
hibits a surgical procedure. Radiation treatment involves 
tissue damage Which can lead to early and late radiation 
effects. The early effects (acute toxicity of radiation therapy) 
include erythema of the skin, desquamation, esophagitis, 
nausea, alopecia, and mylosupression, While the late effects 
include tissue necrosis and ?brosis, and usually determine 
the limiting toxicity of radiation therapy (Stockdale, E, 
supra). 
[0005] Nearly all chemotherapeutic agents currently in use 
interfere With DNA synthesis, With the provision of precur 
sors for DNA and RNA synthesis, or With mitosis, and thus 
target proliferating cells (Stockdale, F. “Cancer groWth and 
chemotherapy,” supra). Animal tumor investigation and 
human clinical trials have shoWn that drug combinations 
produce higher rates of objective response and longer sur 
vival than single agents (Frei, E. III, 1972, “Combination 
cancer therapy: presidential address,”Cancer Res. 32:2593 
2607). Combination drug therapy uses the different mecha 
nisms of action and cytotoxic potentials of multiple drugs, 
including the alkylating agents, antimetabolites, and antibi 
otics (Devita, V. T., et al., 1975, “Combination versus single 
agent chemotherapy: a revieW of the basis for selection of 
drug treatment of cancer,”Cancer 35:98-110). The physi 
ologic condition of the patient, the groWth characteristics of 
the tumor, the heterogeneity of the tumor cell population, 
and the multidrug resistance status of the tumor in?uence the 
ef?cacy of chemotherapy. Generally, chemotherapy is not 
targeted (although these techniques are being developed, 
e.g. Pastan, I. et al., 1986, “Immunotoxins,”Cell 47:641 
648), and side effects such as bone marroW depression, 
gastroenteritis, nausea, alopecia, liver or lung damage, or 
sterility can result. 

Wound Healing 

[0006] Wound healing is a complex and protracted process 
of tissue repair and remodeling involving many different cell 
types Which requires a ?nely tuned control of various 
biochemical reaction cascades to balance the regenerative 
processes. Wound healing is generally divided into three 
phases: in?ammation, proliferation, and maturation (Wal 



US 2003/0077305 A1 

dorf, H., and FeWkes, J., 1995, “Wound Healing,”Adv. 
Dermatol. 10:77-96). The process comprises the migration 
of different cell types into the Wound region, growth stimu 
lation of epithelial cells and ?broblasts, formation of neW 
blood vessels, and the generation of extracellular matrix. 
The correct functioning of these processes depends on the 
biological activation of various cytokines (Bennett, N. T., 
and SchultZ, G. S., 1993, “GroWth factors and Wound 
healing: biochemical properties of groWth factors and their 
receptors,”Am. J. Surg. 165:72837). Nutrition, the immune 
system, oxygen, blood volume, infection, immunosuppres 
sion, and a decrease in red blood cells are all in?uential 
factors in Wound healing (Witney, J. D., 1989, “Physiologi 
cal Effects of tissue oxygenation on Wound healing,”Heart 
Lung 18: 466474). 
[0007] The quality as Well as the rate of Wound healing is 
usually dependent on the type and extent of the original 
injury. Three general types of process are used to treat 
Wounds, each of Which is directed to healing the damaged 
tissue. Closure of Wounds is most commonly accomplished 
by suturing, although tapes, stapling or electrocautery can 
also be used (Wheeless, C. R., 1996, Wheeless’ Textbook of 
Orthaedics) (Garrett, W. E., et al., 1984, J. Hand. Surg. 
9(5):683-92). Skin tapes and various sutures each exhibit 
certain bene?ts and disadvantages in primary closure of 
Wounds. Skin tapes cause less in?ammatory reaction but fail 
to close the subepithelial Wound spaces, While the in?am 
matory reaction and subsequent scarring caused by various 
sutures depends upon the siZe of the suture needle, the 
diameter of the suture material, and Whether it is a mono?la 
ment or Woven suture (Simpson, W. R., 1977, “Physiologi 
cal principles of therapy in head and neck cutaneous Wound 
s,”Laryngoscope 87: 792-816). 

[0008] In a Wound, the siZe of an inoculum of microor 
ganisms, the virulence of the organisms, and host antimi 
crobial defense mechanisms determine if an infection Will 
develop. Thus, antibiotics can also be of therapeutic value in 
the treatment of Wounds (Edlich, R. F., et al., 1986, “Anti 
microbial treatment of minor soft tissue lacerations: a criti 
cal revieW,”Emergency Medical Clinics of North America 
4(3):561-80). The pharmacological action of each antibiotic 
must be understood in order to choose the proper antibiotic, 
its route of administration, and to avoid side effects (Sim 
pson, W. R., supra). Recent results suggest that antibiotic 
therapy alloWs cell proliferation and differentiation to pro 
ceed more rapidly and thus may be helpful in augmenting 
Wound repair (BarroW, R. E., et al., 1994, “Efficacy of 
cefaZolin in promoting ovine tracheal epithelial repair,”Res 
piration 61:231-5; Maeder, K., et al., 1993, “Methicillin 
resistant Staphylococcus aureus (MRSA) coloniZation in 
patients With spinal cord injury,” Paraplegia 31: 639-44). 
Proteolytic enZymes have also been used as adjuncts to 
antibiotic treatment of contaminated Wounds (Rodeheaver, 
G. T., et al., 1978, “Mechanisms by Which proteolytic 
enZymes prolong the golden period of antibiotic action,”Am. 
J. Surg. 136(3):379-82). 
[0009] The topical administration of various cytokines, 
including bFGF, EGF, PDGF, and TGF-beta, either alone or 
in combination, may considerably accelerate Wound healing 
(Moulin, V., 1995, “GroWth factors in skin Wound healing, 
”Eur. J. Cell. Biol. 68:1-7). GroWth factors attract cells into 
the Wound, stimulate their proliferation, and have profound 
in?uence on extracellular matrix deposition. Since develop 
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ing the ability to mass-produce these cytokines by recom 
binant techniques, many studies have demonstrated that 
groWth factors can augment all aspects of tissue repair in 
normal and impaired healing models (e.g., SchultZ, G. S., et 
al., 1987, “Epithelial Wound healing enhanced by transform 
ing groWth factor-alpha and vaccinia groWth factor,”Science 
235: 350-2; Deuel, T. F., et al., 1991, “GroWth factor and 
Wound healing: platelet derived groWth factor as a model 
cytokine,”Annu. Rev. Med. 42: 567-84). Although prelimi 
nary clinical trials have shoWn that groWth factor treatment 
has occasionally led to statistically signi?cant improvements 
in tissue repair, it is not clear that these results are clinically 
signi?cant, and it has been suggested that neW clinical trials 
must focus on targeting groWth factors for speci?c types of 
impaired healing (Greenhalgh, D. G., 1996, “The role of 
groWth factors in Wound healing,”J. Trauma 41:15967). 

Chronic In?ammation 

[0010] Natural, humoral, and cellular immune mecha 
nisms have all been implicated in the pathogenesis of 
chronic in?ammatory diseases (Seymour, G. J ., et al., 1979, 
“The immunopathogenesis of progressive chronic in?am 
matory periodontal disease, 1979,”J. Oral Pathol. 8:249 
65). Autoimmune diseases result from abnormalities in 
lymphocyte function. Abnormalities in T cell function can 
be responsible for disease through cell-mediated immunity, 
and the activity of helper T cells in the production of 
antibodies may contribute to autoantibody formation. The 
central role of helper T cells in autoimmune disease is 
supported by the association of many of these diseases With 
certain HLA molecules. The failure of one or more steps in 
the maintenance of tolerance could result in autoimmunity 
(Robinson, D. R., 1996, “Immunologic Tolerance and 
Autoimmunity,” in: Scienti?c American Medicine, Vol. 2, 
Section VI, Scienti?c American Press, NeW York, p.1-11). 

[0011] Several types of treatment are used in autoimmune 
disease, all of Which are directed at lessening the immune 
response in the affected tissue. For example, treatment for 
rheumatoid arthritis, an autoimmune disease, can utiliZe 
anti-in?ammatory agents such as non-steroidal anti-in?am 
matory agents (NSAIDs) or glucocorticosteroids, remission 
inducing agents such as gold salts, and/or immunosuppres 
sive drugs such as cyclophosphamide. Orthopedic surgery 
can also be used to replace joints damaged during the 
in?ammatory process (see Gilliland, B. C., and Mannik, M., 
1983, “Rheumatoid Arthritis” In: Harrison’s Principles of 
Internal Medicine, McGraW Hill, NeW York, P. 1977-1984). 
Recent Work has suggested the possibilities of neW treat 
ments, also directed to the affected tissue, such as the use of 
TNF alpha in the treatment of rheumatoid arthritis (Brennan, 
F. M., et al., 1995, “Cytokine expression in chronic in?am 
matory disease,”Br. Med. Bull. 51:368-384). 

[0012] Allergy refers to a condition in Which the immune 
response to environmental antigens causes tissue in?amma 
tion and organ disfunction. As in the autoimmune diseases, 
the data suggest an interaction of several components of the 
immune system in allergic diseases. The diversity of expres 
sion of allergic diseases arises from different immunologic 
effector mechanisms, Which evoke speci?c patterns of tissue 
injury (Beer, D. J. et al., 1996. “Allergy,” In: Scienti?c 
American Medicine, Vol. 2, Section VII, Scienti?c American 
Press, NeW York, P. 1-29). The clinical features of each 
allergic disease re?ect the immunologically mediated 
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in?ammatory response in the affected organs or tissues (e.g. 
asthma re?ects an in?ammatory response in the lungs). 

[0013] Several treatment strategies are used to treat the 
immune-mediated allergic diseases, all of Which are directed 
at lessening the immune response in the in?amed tissue. For 
example, in the treatment of asthma, therapy can involve 
environmental control, pharmacotherapy, and allergin 
immunotherapy (Beer, D. J., et al., 1996, “Allergy,” In: 
Scienti?cAmerican Medicine, Vol. 2, Section VII, Scienti?c 
American Press, NeW York, P. 1-29). In the treatment of 
asthma, elimination of the causative agent is the most 
successful means of preventing the in?ammation. HoWever, 
this is often not possible, and thus several classes of drugs 
have been used. These include the methylxanthines (for 
bronchodilation), adrenergic stimulants (stimulation of 
[3-adrenergic receptors, bronchodilators), glucocorticoids 
(lessen in?ammation in the lung), chromones (doWnregulate 
mast cells, lessen in?ammation in the lung), and anticho 
linergics (bronchodilators)(McFadden, E. R., Jr., and Aus 
ten, K. F., “Lung disease caused by immunologic and 
environmental injury,” In: Harrison ’s Principles of Internal 
Medicine, McGraW Hill, NeW York, p. 1512-1519). Desen 
sitiZation or immunotherapy With extracts of the suspected 
allergens has also been suggested in order to reduce in?am 
mation in asthma (McFadden and Austen, op. cit.; Jac 
quemin, M. G., and Saint-Remy, J. M., 1995, “Speci?c 
doWn-regulation of anti-allergen IgE and IgG antibodies in 
humans associated With injections of allergen-speci?c anti 
body complexes,”Ther: Immunol. 2:41-52). 

Current Treatments-Immunology 

[0014] The treatment regimes described above have had 
varying degrees of success. Because the success rate is far 
from perfect in many cases research continues to develop 
better treatments. One promising area of research relates to 
affecting the immune system. By the use of genetic engi 
neering and/or chemical stimulation it is possible to modify 
and/or stimulate immune responses so that the body’s oWn 
immune system treats the disease e.g., antibodies destroy 
cancer cells. This type of treatment departs from those 
described above in that it utiliZes a biological process to ?ght 
a disease. HoWever, the treatment is still a direct treatment 
meaning that the antibodies created directly attack the 
cancer cells. 

[0015] The present invention can be utiliZed for treatments 
Which involve a radical departure from normal treatments in 
that the present invention does not involve directly affecting 
the cancerous, damaged or in?amed cells. 

[0016] Others have recogniZed that, at least theoretically, 
it is possible to treat cancer or in?ammation associated With 
angiogenesis by inhibiting the angiogenesis. A typical 
example of the current thinking relating to such is discussed 
Within PCT Publication WO 95/25543, published Sep. 28, 
1995. This published application describes inhibiting angio 
genesis by administering an antibody Which binds to an 
antigen believed to be present on the surface of angiogenic 
endothelial cells. Speci?cally, the application describes 
administering an antibody Which binds to 0,,[33 Which is a 
membrane receptor believed to mediate cell-cell and cell 
extracellular matrix interactions referred to generally as cell 
adhesion events. By blocking this receptor the treatment 
hopes to inhibit angiogenesis and thereby treat cancer and 
in?ammation. 
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SUMMARY OF THE INVENTION 

[0017] Amethod of selectively delivering agents to angio 
genic endothelial cells is disclosed. The method involves 
injecting, preferably into the circulatory system and more 
preferably intraarterially, cationic liposomes (or polynucle 
otide/lipid complexes) Which comprise cationic lipids and a 
compound Which promotes or inhibits angiogenesis and/or 
includes a detectable label. After administration, the cationic 
liposomes selectively associate With angiogenic endothelial 
cells meaning that they associate With angiogenic endothe 
lial cells at a ?ve fold or greater ratio (preferably ten fold or 
greater) than they associate With corresponding, quiescent 
endothelial cells not undergoing angiogenesis. When the 
liposomes (or polynucleotide/lipid complexes) associate 
With angiogenic endothelial cells, they are taken up by the 
endothelial cell and have their desired effect. The substance 
can destroy the endothelial cell, promote further angiogen 
esis, promote clotting and/or tag the endothelial cell so that 
it can be detected by an appropriate means. The substance 
Which affects the angiogenic endothelial cell may be a 
nucleotide sequence such as DNA Which encodes a protein, 
Which When expressed, promotes or inhibits angiogenesis. 
The nucleotide sequence is preferably contained Within a 
vector operably connected to a promoter Which promoter is 
preferably only active in angiogenic endothelial cells or can 
be activated in those cells by the administration of a com 
pound thereby making it possible to turn the gene on or off 
by activation of the promoter. 

[0018] An object of the invention is to provide a method 
of selectively affecting angiogenic endothelial cells, thereby 
inhibiting or promoting angiogenesis. 

[0019] Another object of the invention is to provide a 
method for diagnosing a site of angiogenesis by adminis 
tering cationic liposomes containing a detectable label 
Which liposomes are designed so as to selectively associate 
With angiogenic endothelial cells and to not associate With 
corresponding endothelial cells not undergoing angiogen 
es1s. 

[0020] Another object of the invention is to provide cat 
ionic liposomes Which liposomes are comprised of cationic 
lipids and compounds Which are speci?cally intended and 
designed to either inhibit or promote angiogenesis Which 
compounds may be Water soluble or readily dispersable in 
Water or lipid compatible and incorporated in the lipid 
layers. 

[0021] Another object of the invention is to provide a 
method of selectively affecting angiogenic endothelial cells 
in a manner Which results in local intravascular blood 
clotting Which hinders or completely blocks the ?oW of 
blood in a blood vessel. 

[0022] Another object is to provide a method for analyZing 
angiogenic endothelial cells by labeling cells With a detect 
able label and thereby making it possible to separate the 
angiogenic endothelial cells aWay from surrounding cells for 
subsequent culturing and/or analysis. 

[0023] Yet another object of the invention is to provide a 
method for destroying an unWanted tumor by delivering a 
toxic compound to angiogenic endothelial cells of the tumor, 
Which compound destroys the angiogenic endothelial cells 
and, thereafter, destroys the tumor cells. 
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[0024] Another object of the invention is to provide a 
method for selectively affecting angiogenic endothelial cells 
by delivering a cationic lipid/DNA complex to angiogenic 
endothelial cells, Wherein the DNA is attached to a promoter 
Which is selectively activated Within an environment Which 
is preferably uniquely associated With angiogenic endothe 
lial cells, i.e, the promoter is not activated in quiescent 
endothelial cells. 

[0025] A feature of the invention is that the cationic 
liposornes of the invention selectively associate With angio 
genic endothelial cells With a much higher preference (?ve 
fold or greater and preferably ten-fold or greater) than they 
associate With corresponding endothelial cells not involved 
in angiogenesis. 

[0026] An advantage of the invention is that the cationic 
liposornes of the invention can be used to precisely deliver 
small amounts of toxic compounds to endothelial cells 
Which cells are affected in a manner (e.g., killed) such that 
the blood vessel is destroyed or rendered inoperative such as 
by a blood clot and the nutrient supply to the surrounding 
tissues (such as tumor cells) is cut off thereby destroying the 
tissue (e.g., destroying a solid tumor). 

[0027] Another advantage of the invention is that the 
cationic liposornes of the invention can be used to inhibit 
angiogenesis associated with malignant or benign tumors 
associated With ongoing angiogenesis. 

[0028] Yet another advantage of the invention is that the 
cationic liposornes can be used to provide for site directed 
delivery of compounds which promote angiogenesis and 
thereby enhance Wound healing. 

[0029] An important feature of the invention is that several 
classes of diseases and/or abnormalities are treated Without 
directly treating the tissue involved in the abnorrnality e.g., 
by inhibiting angiogenesis the blood supply to a tumor is cut 
off and the tumor is killed Without directly treating the tumor 
cells in any manner. 

[0030] These and other objects, advantages and features of 
the present invention will become apparent to those skilled 
in the art upon reading the disclosure provided here in 
connection With the attached ?gures. 

BRIEF DESCRIPTION OF THE FIGURES 

[0031] The ?le of this patent contains at least one draWing 
executed in color. Copies of this patent With color draW 
ing(s) Will be provided by the Patent and Trademark Office 
upon request and payment of the necessary fee. 

[0032] FIG. 1 is a ?uorescence rnicrograph shoWing the 
uptake of red ?uorescent CM-DiI-labeled DDABzcholes 
terol-DNA complexes in angiogenic blood vessels of a 
follicle in a normal mouse ovary (Scale bar: 60 urn); 

[0033] FIG. 2 is a ?uorescence rnicrograph shoWing the 
uptake of red ?uorescent CM-DiI-labeled DDABzcholes 
terol-DNA complexes in angiogenic blood vessels in a 
section of a pancreatic tumor in a RIP1-Tag5 rnouse— 
vessels stained green With a ?uorescent lectin (Scale bar: 40 

mm); 
[0034] FIG. 3 is a loW rnagni?cation ?uorescence rnicro 
graph shoWing little or no uptake of TeXas Red-labeled 
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DOTAPzcholesterol-DNA cornpleXes (yelloW-orange) in 
blood vessels of a normal mouse pancreatic islet (Scale bar: 
150 urn); 

[0035] FIG. 4 is a loW rnagni?cation ?uorescence rnicro 
graph shoWing the uptake of TeXas Red-labeled DOTAPzc 
holesterol-DNA cornpleXes (yelloW-orange) in blood vessels 
of a pancreatic tumor in a RIP1-Tag2 rnouse (Scale bar: 150 

mm); 
[0036] FIG. 5 is a confocal rnicrograph shoWing little or 
no uptake of TeXas Red-labeled DOTAPzcholesterol lipo 
sornes (red-orange) in a normal pancreatic islet vessels Were 
stained (green) With ?uorescent lectin (Scale bar 50 urn); 

[0037] FIG. 6 shoWs a confocal micrograph of uptake of 
TeXas Red-labeled DOTAPzcholesterol liposornes (red-or 
ange) in a pancreatic tumor in a RIP1-Tag2 rnouse. Vessels 
Were stained by perfusion of ?uorescent Lycopersicon escu 
lenturn lectin (green) after liposornes Were injected intrave 
nously (Scale bar: 50 urn); 

[0038] FIG. 7 shoWs a confocal micrograph of uptake of 
TeXas Red-labeled DOTAPzcholesterol liposornes (red-or 
ange) in a pancreatic tumor in a RIP1-Tag2 rnouse. Vessels 
Were stained by perfusion of ?uorescent Lycopersicon escu 
lenturn lectin (green) after liposornes Were injected intrave 
nously (Scale bar: 50 urn); 

[0039] FIG. 8 shoWs a confocal micrograph of uptake of 
TeXas Red-labeled DOTAPzcholesterol liposornes (red-or 
ange) in a pancreatic tumor in a RIP1-Tag2 rnouse. Vessels 
Were stained by perfusion of ?uorescent Lycopersicon escu 
lenturn lectin (green) after liposornes Were injected intrave 
nously. Possible sites of vessel groWth have intense uptake 
(Scale bar: 50 urn); 

[0040] FIG. 9 is a confocal rnicrograph shoWing little 
uptake of TeXas Red-labeled DOTAPzcholesterol liposornes 
(red-orange) in normal blood vessels in the trachea of a 
pathogen-free rnouse vessels stained green With a ?uores 
cent lectin (Scale bar: 50 urn); 

[0041] FIG. 10 shoWs a confocal micrograph of uptake of 
TeXas Red-labeled DOTAPzcholesterol liposornes (red-or 
ange) in angiogenic blood vessels in the trachea of a mouse 
With Mycoplasma pulmonis infection (Scale bar: 50 urn); 

[0042] FIG. 11 is a graph shoWing the amount of uptake 
of TeXas Red-DOTAPzcholesterol liposornes by blood ves 
sels of pathogen-free (normal) and Mycoplasma pulmonis 
infected rnouse tracheas assessed by measuring the intensity 
of liposorne ?uorescence 4 hours after intravenous injection. 
Measurements were made With a Zeiss LSM 410 confocal 
microscope. Infected mice were inoculated intranasally With 
M. pulmonis organisms and examined 4 Weeks later. Aster 
isk designates statistically signi?cant difference (P<0.05, 
rneanzSE, n=4 mice per group); 

[0043] FIG. 12 is a transmission electron micrograph 
shoWing DOTAPzcholesterol liposornes associated With an 
endothelial cell in the trachea of an M. pulmonis-infected 
rnouse (Scale bar: 50 urn); and 

[0044] FIG. 13 is a transmission electron micrograph 
shoWing DOTAPzcholesterol liposornes taken up by an 
endothelial cell in the trachea of an M. pulmonis-infected 
rnouse (Scale bar: 80 urn). 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0045] Before the present method of selectively affecting/ 
labeling angiogenic endothelial cells and liposomes used in 
the method are described, it is to be understood that this 
invention is not limited to the particular liposomes, methods, 
or active substances described as such may, of course, vary. 
It is also to be understood that the terminology used herein 
is for the purpose of describing particular embodiments only, 
and is not intended to be limiting since the scope of the 
present invention Will be limited only by the appended 
claims. 

[0046] It must be noted that as used in this speci?cation 
and the appended claims, the singular forms “a”, “and,” and 
“the” include plural referents unless the contexts clearly 
dictates otherWise. Thus, for example, reference to “a lipo 
some” includes mixtures and large numbers of such lipo 
somes, reference to “an agent” includes large numbers of 
agents and mixtures thereof, and reference to “the method” 
includes one or more methods or steps of the type described 
herein. 

[0047] The publications discussed herein are provided 
solely for their disclosure prior to the ?ling date of the 
present application. Nothing herein is to be construed as an 
admission that the present invention is not entitled to ante 
date such publication by virtue of prior invention. 

[0048] Unless de?ned otherWise, all technical and scien 
ti?c terms herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although any methods and materials, 
similar or equivalent to those described herein, can be used 
in the practice or testing of the present invention, the 
preferred methods and materials are described herein. All 
publications cited herein are incorporated herein by refer 
ence for the purpose of disclosing and describing speci?c 
aspects of the invention for Which the publication is cited. 

De?nitions 

[0049] The terms “treatment”, “treating”, “treat” and the 
like are used herein to generally mean obtaining a desired 
pharmacologic and/or physiologic effect. The effect may be 
prophylactic in terms of completely or partially preventing 
a disease or symptom thereof and/or may be therapeutic in 
terms of a partial or complete stabiliZation or cure for a 
disease and/or adverse effect attributable to the disease. 
“Treatment” as used herein covers any treatment of a disease 

in a mammal, particularly a human, and includes: 

[0050] (a) preventing the disease or symptom from 
occurring in a subject Which may be predisposed to 
the disease or symptom but has not yet been diag 
nosed as having it; 

[0051] (b) inhibiting the disease symptom, i.e., 
arresting its development; or 

[0052] (c) relieving the disease symptom, i.e., caus 
ing regression of the disease or symptom. 

[0053] The term “angiogenesis” refers to a process of 
tissue vasculariZation that involves the development of neW 
vessels. Angiogenesis occurs via one of three mechanisms: 
(1) neovasculariZation, Where endothelial cells migrate out 
of pre-existing vessels beginning the formation of the neW 
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vessels; (2) vasculogenesis, Where the vessels arise from 
precursor cells de novo; or (3) vascular expansion, Where 
existing small vessels enlarge in diameter to form larger 
vessels (Blood, C. H. and Zetter, B. R., 1990, Biochem. 
Biophys. Acta. 1032:89-118). 
[0054] Angiogenesis is an important process in normal 
processes of neonatal groWth and in the female reproductive 
system during the corpus luteum groWth cycle (see Moses, 
M. A., et al., 1990, Science 248: 1408-10). Under normal 
conditions, all processes involving the neW formation or the 
remodeling of existing or neW blood vessels is a self 
limiting process, and the expansion of the speci?c cell types 
is controlled and concerted. 

[0055] Angiogenesis is also involved in Wound healing 
and in the pathogenesis of a large number of clinical diseases 
including tissue in?ammation, arthritis, asthma, tumor 
groWth, diabetic retinopathy, and other conditions. Clinical 
manifestations associated With angiogenesis are referred to 
as angiogenic diseases (Folkman, J. and Klagsbrun, M., 
1987, Science 235:442-7). 

[0056] Many experiments have suggested that tissues can 
produce angiogenic factors Which promote angiogenesis 
under conditions of poor blood supply during both normal 
and pathological conditions. These factors and compounds 
differ in cell speci?city and in the mechanisms by Which 
they induce the groWth of neW blood vessels. These factors 
function through a variety of mechanisms. For example, 
they may induce the migration and proliferation of endot 
helial cells or stimulate the production collagenase (see 
Klagsbrun, M, and D’Amore, P. A., 1991, “Regulators of 
angiogenesis,”Ann. Rev. Physiol. 53:217-39). There are a 
number of bioassays Which alloW direct determination of 
angiogenic activities (Wilting, J., et al., 1991, “A modi?ed 
chorioallantoic membrane (CAM) assay for qualitative and 
quantitative study of groWth factors. Studies on the effects of 
carriers, PBS, angiogenin, and bFGF,”Anat. Embrol. (Berl) 
183:259-71). 
[0057] It has been proposed that angiogenic inhibitors may 
be useful in the treatment of diseases. For example, inter 
fering With angiogenesis may restrict tumor groWth. Several 
means for inhibiting angiogenesis have been proposed 
including (1) inhibiting the release of angiogenic factors, (2) 
neutraliZing angiogenic factors using such means as mono 
clonal antibodies, and (3) inhibiting endothelial cell 
responses (Folkman, J., et al, 1992, Seminars in Cancer 
Biology 3:89-96), through the use of anti-angiogenic factors, 
molecules knoWn to inhibit angiogenesis. Several such 
endothelial cell inhibitors have been described such as 
collagenase inhibitor, basement membrane turnover inhibi 
tors, angiostatic steroids, fungal-derived inhibitors, platelet 
factor 4, thrombospondin, arthritis drugs such as penicil 
lamine, and alpha-interferon, among others (see Folknam, J., 
et al, 1992, Seminars in Cancer Biology 3:89-96; for 
examples see: Stepien, H., et al., 1996, “Inhibitory effects of 
fumagillin and its analogue TNP-470 on the function, mor 
phology, and angiogenesis of an oestrogen-induced prolac 
tinoma in Fischer 344 rats,”J. Endocrinol. 150:99-106; 
Maione, T. E., et al., 1990, “Inhibition of angiogenesis by 
recombinant human platelet factor-4 and related peptides, 
”Science 247: 77-9). 

[0058] The term “endothelial cells” means those cells 
making up the endothelium, the monolayer of simple squa 
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mous cells Which lines the inner surface of the circulatory 
system. These cells retain a capacity for cell division, 
although they proliferate very sloWly under normal condi 
tions, undergoing cell division perhaps only once a year. The 
proliferation of endothelial cells can be demonstrated by 
using [3H] thymidine to label cells in the S phase. In normal 
vessels the proportion of endothelial cells that become 
labelled is especially high at branch points in arteries, Where 
turbulence and Wear seem to stimulate turnover. (Goss, R. J ., 

1978, The Physiology of Growth, Academic Press, NeW 
York, pp.120-137). Normal endothelial cells are quiescent 
i.e., are not dividing and as such are distinguishable from 
angiogenic endothelial cells as discussed beloW. 

[0059] Endothelial cells also have the capacity to migrate, 
a process important in angiogenesis. Endothelial cells form 
neW capillaries in vivo When there is a need for them, such 
as during Wound repair or When there is a perceived need for 
them as in tumor formation. The formation of neW vessels is 
termed angiogenesis, and involves molecules (angiogenic 
factors) Which can be mitogenic or chemoattractant for 
endothelial cells (Klagsburn, supra). During angiogenesis, 
endothelial cells can migrate out from an existing capillary 
to begin the formation of a neW vessel i.e., the cells of one 
vessel migrate in a manner Which alloWs for extension of 
that vessel (Speidel, C. C., Am J. Anat. 52: 1-79). In vitro 
studies have documented both the proliferation and migra 
tion of endothelial cells; endothelial cells placed in culture 
can proliferate and spontaneously develop capillary tubes 
(Folkman, J., and Haudenschild, C., 1980, Nature 2881551 
56). 
[0060] The terms “angiogenic endothelial cells” and 
“endothelial cells undergoing angiogenesis” and the like are 
used interchangeably herein to mean endothelial cells (as 
de?ned above) undergoing angiogenesis (as de?ned above). 
Thus, angiogenic endothelial cells are endothelial cells 
Which are proliferating at a rate far beyond the normal 
condition of undergoing cell division roughly once a year. 
The rate of differentiation from normal proliferation of 
endothelial cells may be 2x, 5x, or 10><or more that of 
normal proliferation and can vary greatly depending on 
factors such as the age and condition of the patient, the type 
of tumor involved, the type of Wound, etc. Provided the 
difference in the degree of proliferation betWeen normal 
endothelial cells and angiogenic endothelial cells is measur 
able and considered biologically signi?cant then the tWo 
types of cells are differentiable per the present invention, i.e., 
angiogenic endothelial cells differentiable from correspond 
ing, normal, quiescent endothelial cells in terms of prefer 
ential binding of cationic liposomes. 

[0061] The term “corresponding endothelial cells nor 
mal or quiescent endothelial cells” and the like are used in 
order to refer to normal, quiescent endothelial cells con 
tained Within the same type of tissue (under normal condi 
tions) When some of the endothelial cells are undergoing 
angiogenesis and some of the endothelial cells are quiescent. 
In connection With the present invention, angiogenic endot 
helial cells are preferentially targeted and are targeted With 
a preference Which is ?ve-fold, preferably ten-fold greater 
than the targeting of corresponding quiescent endothelial 
cells. 

[0062] The term “lipid” is used in its conventional sense as 
a generic term encompassing fats, lipids, the alcohol-ether 
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soluble constituents of protoplasm, Which are insoluble in 
Water. Lipids compose the fats, fatty oils, essential oils, 
Waxes, steroids, sterols, phospholipids, glycolipids, sulpho 
lipids, aminolipids, chromolipids (lipochromes), and fatty 
acids. The term encompasses both naturally occurring and 
synthetically produced lipids. Preferred lipids in connection 
With the present invention are: phospholipids, including 
phophatidylcholines and phosphatidylethanolamines, and 
sphingomyelins. Where there are fatty acids, they could be 
12-24 carbons in length, containing up to 6 unsaturations 
(double bonds), and linked to the backbone by either acyl or 
ether linkages. Where there is more than one fatty acid 
linked to the backbone, the fatty acids could be different 
(asymmetric), or there may be only 1 fatty acid chain 
present, e.g. lysolecithins. Mixed formulations are also 
possible, particularly When the non-cationic lipids are 
derived from natural sources, such as lecithins (phosphati 
dylcholines) puri?ed from egg yolk, bovine heart, brain, or 
liver, or soybean. Steroids and sterols, particularly choles 
terol, and sterols substituted at the 3b position. 

[0063] The term “cationic lipid” is used herein to encom 
pass any lipid of the invention (as de?ned above) Which is 
cationic. The lipid Will be determined as being cationic When 
the lipid has a positive charge (at physiological pH) as 
measurable by instrumentation utiliZed at the time of the 
measurement. Where there are fatty acids present on the 
cationic lipid, they could be 12-24 carbons in length, con 
taining up to 6 unsaturations (double bonds), and linked to 
the backbone by either acyl or ether linkages; there could 
also only be one fatty acid chain linked to the backbone. 
Where there is more than one fatty acid linked to the 
backbone, the fatty acids could be different (asymmetric). 
Mixed formulations are also possible. 

[0064] The term “liposome” encompasses any compart 
ment enclosed by a lipid bilayer. Liposomes are also referred 
to as lipid vesicles. In order to form a liposome the lipid 
molecules comprise elongated non-polar (hydrophobic) por 
tions and polar (hydrophilic) portions. The hydrophobic and 
hydrophilic portions of the molecule are preferably posi 
tioned at tWo ends of an elongated molecular structure. 
When such lipids are dispersed in Water they spontaneously 
form bilayer membranes referred to as lamellae. The lamel 
lae are composed of tWo mono layer sheets of lipid mol 
ecules With their non-polar (hydrophobic) surfaces facing 
each other and their polar (hydrophilic) surfaces facing the 
aqueous medium. The membranes formed by the lipids 
enclose a portion of the aqueous phase in a manner similar 
to that of a cell membrane enclosing the contents of a cell. 
Thus, the bilayer of a liposome has similarities to a cell 
membrane Without the protein components present in a cell 
membrane. As used in connection With the present inven 
tion, the term liposome includes multilamellar liposomes, 
Which generally have a diameter in the range of 1 to 10 
micrometers and are comprised of anyWhere from tWo to 
hundreds of concentric lipid bilayers alternating With layers 
of an aqueous phase, and also includes unilamellar vesicles 
Which are comprised of a single lipid layer and generally 
have a diameter of 20 to 100 nanometers Which vesicles can 
be produced by subjecting multilamellar liposomes to ultra 
sound. 

[0065] Preferred liposomes Would be small unilamellar 
vesicles (SUVs) Which have a single lipid bilayer, and a 
diameter in the range of 25-200 nm. 




























